Abstract. The construction industry is one of the industries with higher incidence of Work-related Musculoskeletal Disorder (WMSDs), which will have an impact on the health and life expectancy of construction workers, reduce production efficiency and cause significant economic losses. The prevalence of low back pain for construction workers is far higher than that in other parts of body, leading to the main factors of lower back pain including the awkward posture and the holding time for the same work posture. In this paper, a approach which using the built-in smartphone orientation sensor to collect data utilized to calculate the flexion-extension angle, lateral bending angle and rotation angle of the trunk is presented to identify and assess the risk of posture according to the relationship between the static angle and the holding time given by ISO11226: 2000. And the proposed method is verified by the simple working posture in laboratory. Results indicates that measurements of trunk flexions of a worker by smartphone sensor data are close to corresponding observation values and can identify and assess the risk factors that cause the low back pain of the construction workers. In addition the proposed is applicable for the WMSDs prevention, construction site management and worker training.
Introduction
Work-related Musculoskeletal Disorders (WMSDs) is the main problem in industries countries. Construction industry is characterized by intensive workloads, which contribute to this high incidence of WMSDs. According to the data of U.S. Bureau of Labor Statistics, 32 building works would lose his capacity to work per 10,000 workers because of WMSDs in 2014 [1] . European Labor Force Survey showed that there were 3,158 among 100,000 building workers got WMSDs, some of which could not go to work over 14 days [2] . As a result, WMSDs not only bring damage to the workers' health, but affect the quality of life as well as work efficiency. The incidence rate occurred in back is much higher than other parts of the body [3] . Statistical data and research have revealed that bad posture is the main factor which lead to WMSDs, especially the pain of low back. Moreover, keeping the same position for a long time is another factor which cause WMSDs in back [4] . Many workers are supposed to keep a posture without upright such as bending, squat and kneel, and that's what increased the risk of back pain greatly. Therefore, to know the bad posture of a man and keep it in a limited time can relieve the back harm as well as prevent WMSDs. The article introduces a method of risk assessment based on smartphone by monitoring the body posture.
Posture Analysis Techniques in Ergonomic Assessment
The research showed that factors cause WMSDs were collected by behavior data [5] . The method of collecting data includes three ways of self-evaluation, site observation and direct measurement. Self-evaluation gathers the data related with physical condition and psychological factors through questionnaire and interview, and it has the advantages of simple and low cost which can be used in many workplaces. But it also has the disadvantages of requiring mass sample, high cost and difficulty in dealing with the later data, and low credibility. Observation method is a simpler way to evaluate the dangerous factors the workers exposed in the workplace, of which has the feature cheapness and extensive observation. However, it lacks universality due to the specific working scenario and observing object. Method of direct measurement collects information from the tools set on the body such as measure the bending condition of arms by magneto-resistive angle sensors and the dip angle of body through Inertial Measurement Units. Compared with other methods, method of direct measurement is the most effective way to evaluate dangerous factors. At present, applied sensor is more accurate in evaluating risk factors, and it has been widely used for its less effects on workers. But it cannot be realized now because of the difficulty in setting, calibration and application of complex sensors that workers should have. Besides, the input on purchasing, installing and maintenance of facilities in earlier stage has a greater limit on use and popularity [6] .
With the development of science and technology, smartphones have been widely used for its various function. Many sensors are installed in smartphones, including accelerometers, gyroscopes, directional sensors and so on. Smartphone sensor also belongs to Inertial Measurement Units technically, so use smartphone built-in sensor for measurement directly can avoid installing equipment and calibration, reduce capital and time investment. Furthermore, use smartphone built-in sensors for direct measurement has a high promotional value because it has the merit of extensive use, low price, easy maintaining and convenient use, etc. The method proposed in this paper is to use the smartphone as the data acquisition tool. The relationship between the static posture and the holding time given in ISO11226: 2000 is described by using the built-in orientation sensor output data of the mobile phone (Table 1) to calculate the flexion -extension angle, lateral bending angle and rotation angle of the trunk during the worker's work. Then conduct a risk assessment of the current posture.
Methodology
Data collection and calculation .The description of trunk motion can be implemented by calculating the flexion-extension angle, lateral bending angle and rotation angle using the tilt/twist method [7] . It is shown in Figure 1 that the line T 1 -T 2 represents the trunk of the body, therefore the inclination angle of trunk can be defined as the angles that line T 1 -T 2 rotation around point T 1 . The angle between the imaginary line and the solid line T 1 -T 2 in the standard is 4°, thus the movement of line T 1 -T 2 can be replaced with the movement of imaginary line. Hence, the inclination angle of trunk can be regarded as the angle that imaginary line rotation around T 1 . A smartphone is fixed at point S shown in Figure  1 (a) , which is the optimum location to install sensors when measuring the trunk inclination. After that, the motion state of the smartphone can approximately equals the movement of the trunk.
It is called as initial state when the body keeps upright condition, and the coordinate system OXYZ is called as initial coordinate system, the state when working is called as measuring condition, and the coordinate system OX'Y'Z' is called as measuring coordinate system as shown in Figure 1 (2) where P and Q are transformation matrixes between inital coordinate system and inertial coordinate system, measuring coordinate system and inertial coordinate system respectively. It is shown on the basis of the direction cosine transform algorithm. 
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The measurement and calculation of the angular motion of the trunk can be achieved by using three clinicallymeaningful parameters: flexion-extension angle(F), lateral bending angle(L), rotation angle(R).
Risk assessment of posture. According to the statement above , awkward posture and holding time have beening proven to be statistically significant risk factors for WMSDs, especially with regard to lower back pain. ISO 11226:2000 as a landmark [8] in prevention and control of MSDs (musculoskeletal disorders) gives the relationship between trunk inclination and maximum holding time (MHT), which is shown in Figure 2 . The "Acceptable" zone indicates that a worker's angle of trunk inclination during operation is ergonomically safe while the "Not Recommended" zone represents a high risk of low back pain once the angle of trunk over 60°, Between the both zone, a function representing the quantitative relationship between static angle and MHT is given by Eq. 8. Thus , awkward posture can be identified based on the above relationship. It should be noted that dynamic movement results in longer endurance times than that in static tasks so that current conservative functions indicating the quantitative relationship between holding time and static angle can guarantee the purpose of preventing WMSDs in back for workers in both static and dynamic. A laboratory experiment was carried out to validate the proposed method in the paper. According to section 2.1, a smartphone was mounted on a worker's upper-back, and then the worker made trunk flexion with three clinition angle respectively and holding for a certain time. As mentioned above, the data from orientation sensor built-in smartphone would be collected and calculated. The experimental results are shown in Table 2 . Observed angle in table 2 is the angle by site observation method mentioned in section 1 while calculated angle is calculated by the purposed method. The proposed method can effectively describe the trunk posture because of the values obtained by the above two methods are very close. Specifically speaking, the flexion-extension angle, lateral bending angle and rotation angle about posture Flexion 1 are all less than 20°, so the trunk posture is ergonomically safe while the posture Flexion3 can be directly identified as a high risk of lower back pains because of the flexion-extension angle is more than 60° belong to "Not Recommended" zone in Fig. 3 . For posture Flexion 2, the flexion-extension angle is between 20° and 60° and the maximum holding time calculated using Eq. 8 is less than the actual holding time, thus, it is also risk. Through the above analysis for validation experiments, we can find that the proposed method can effectively identity awkward posture and to be a reliable approach for WMSDs prevention.
Experiment and Validation

Conclusion
The construction industry is one of the most high incidence of WMSDs because of its work-intensive and high-strength characteristics. At the same time, for the construction workers, the back is the highest incidence of WMSDs body parts. Based on the analysis of the risk factors and risk assessment methods leading to WMSDs, this paper puts forward a method for risk assessment of the trunk posture of the construction workers based on the two main risk factors causing the back WMSDs: the awkward posture and the holding time. The proposed method use the smartphone as a data acquisition tool, the use of output data from built-in smartphone orientation sensor to calculate the flexion-extension angle, lateral bending angle and rotation angle to describe the construction workers working trunk posture, and the actual holding time of the work posture collected by the smartphone too. Then conduct a risk assessment of the current posture by compare actual holding time with the relationship between trunk inclination and maximum holding time given in ISO11226: 2000. In addition, this paper uses three basic postures as the validation experiments. The experimental results show that the proposed method can realize the risk assessment of the trunk posture of the construction workers. This method is of great significance to prevent the construction workers from back WMSDs, reduce the economic losses and ensure the work efficiency.
